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PETAL-SPECIFIC PROMOTER AND METHOD FOR PRODUCING PLANTS 
HAVING FLOWERS WITH NO PETALS 

The present invention concerns, in particular, 
a petal-specific promoter and a method for producing 
5 plants having flowers with no petals. 

The advantage of producing plants lacking 
petals came from the observation that senescent petals, 
by falling onto the leaves, might provide preferred 
seats of infection for the spores of certain pathogenic 

10 fungi. In the case of rape, for example, the mode of 
infection of Sclerotinia sclerotiorum follows 
principally this route. This fungus is indeed 
responsible for important damage in cultures of rape 
(Lamarque, 1983), and no genetic resistance is known to 

15 this fungus, either in rape or in the neighboring 
species. Thus, at the current time, only preventive 
chemical treatments are used. 

Sclerotinia sclerotiorum control via plants 
whose flowers would have no petals would make it 

20 possible to diminish the use of fungicide, and thus to 
limit the subsequent pollution of the soils. 

It involves, therefore, producing plants having 
flowers with no petals, and in this way testing a 
strategy of control of the abovementioned fungus, based 

25 on a ^physical" resistance and not on the use of 
resistance genes in the conventional sense. 

The present invention proposes, therefore, to 
produce plants whose flowers would be lacking in 
petals. It consists in using a promoter region which 

30 controls the expression, specifically in the petals, of 
a sequence (orf) encoding a molecule which is capable 
of modifying the natural properties of the petal, or of 
inhibiting the formation thereof. 

In this way, modifying the structure, the 

35 shape, the coloration and/or the petal structure of 
flowers may be envisaged, by- placing, downstream of the 
above-described promoter region, genes which are 




involved in the biosynthesis of pigments, or regulatory 
genes such as the MYB proteins (Noda et al . 1994). This 
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type of experiment has already been carried out (Elomma 
et al., 1996; Gutterson, 1995). However, the promoters 
used are rather of constitutive type, such as the 35S 
of CaMV, whereas it would be advantageous to confine 
5 the expression of the transgene to the targeted organ. 
The creation of original ornamental plants may thus, in 
the context of the present invention, be envisaged. 

A subject of the present invention is, 
therefore, a nucleotide sequence for which it has been 

10 demonstrated that the corresponding gene is expressed 
specifically in the petal, this nucleotide sequence 
corresponds to SEQ ID No. 5. 

Consequently, a subject of the present 
invention is a nucleotide sequence which corresponds to 

15 all or part: 

a) of the sequence according to SEQ ID No. 5, 
or 

b) of a sequence which hybridizes to the 
sequence according to a) , or 

20 c) of a sequence which has at least 80% 



most valuable part of this nucleotide sequence is the 
promoter region, which is defined as being the sequence 

25 preceding (on the 5' side) the translation start codon 
(ATG) . Stricto sensv, this promoter region stretches 
from nucleotide 1 to nucleotide 3265 (i.e. to the last 
nucleotide immediately preceding the ATG codon) , but, 
taking into account the restriction sites, this region 

30 preferably stretches from nucleotide 1 to nucleotide 
3233 (corresponding to the site Aval), and even more 
preferably from nucleotide 2911 to nucleotide 3233 of 
SEQ ID No. 5, 



35 the natural state, an orf which is expressed 
specifically in the petals-, and when this orf is 
replaced (by genetic manipulation) by another orf, 
^ whose product is a cytotoxic molecule, the latter is 



homology with a) or b) . 
In the context of the present invention, the 



This promoter region precedes, therefore, in 
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capable of destroying only said petals. The replacement 
may also be carried out by a gene part which is 
capable, during its specific expression in the petal, 
of modifying the properties of origin thereof. 
5 A subject of the present invention is, 

therefore, also cell-expression vectors comprising a 
promoter region as described above, placed upstream of 
a DNA sequence encoding a product which is capable of 
modifying the structure, the shape, the coloration 

10 and/or the petal texture of flowers, and a method for 
producing ornamental plants, which comprises the 
insertion into said plants of one of these vectors. The 
invention also comprises the case where said DNA 
sequence encodes a cytotoxic product. 

15 Advantageously, the cytotoxic product in 

question is a ribonuclease . Specifically, when this 
RNAse is expressed specifically in the petals, it will 
destroy all the RNAs thereof, as a result of which the 
petal will not be able to survive. Preferably, the 

20 RNAse is barnase, whose corresponding orf has been 
isolated from Bacillus amyloliquefasciens (Hartley RW, 
1988) . 

It involves, therefore, introducing a vector in 
accordance with the invention into a bacterial strain 

25 which is capable of carrying out the transformation of 
plant cells, such as Agrobacterium tumefaciens. This 
may, in particular, be carried out by the method of 
infiltration of Arabidopsis thaliana plants, described 
by Bechtold et al . , 1993. This technique consists in 

30 introducing the bacterium into the cells of the floral 
scapes, by infiltration under vacuum. The plants are 
then planted out under glass, and their seeds 
harvested. About one seed in a thousand gives rise to 
plants of which all the cells carry the transgene. The 

35 transformation of other plants, and in particular of 
rape, may be carried out through Agrobacterium 
tumefaciens and/or Agrobacterium rnizogenes, with the 
aid of various techniques which are now conventional 




WO 99/15679 - 4 - PCT/FR98/02043 

(transformation of foliar disks, of hypocotyls, of 
floral scapes, etc.), combining a phase of coculture of 
the bacterium with plant tissues, followed by the 
selection and regeneration of the transformed cells 
5 into whole plants. Other transformation techniques do 
not use this bacterium, but make it possible to 
transfer the cloned gene directly into cells or tissues 
(electroporation, particle gun, etc.} and to select and 
obtain transformed plants (technique reviewed by 
10 Siemens and Schieder) . 

A subject of the present invention is also 
plant cells transformed with a vector in accordance 
with the invention, and plants comprising said cells. 
The subject of the invention is also plants whose 
15 flowers have no petals. 

As indicated above, the present invention thus 
makes it possible to produce plants whose flowers have 
no petals; the method in accordance with the invention 
comprising the insertion into the plants of a vector as 
20 described above and comprising a DNA sequence encoding 
a cytotoxic product. 

In the context of the present invention, it may 
also be envisaged to produce hybrid plants by crossing 
two lines whose combined agronomic qualities would be 
25 sought. However, in order for the entomophilous 
pollination to operate optimally, it is necessary for 
the parents of the hybrid in question to carry petals. 
Such a cross is, therefore, only possible by means of a 
two-component system of activation of the toxic gene. 
30 The principle of such a system consists in having two 
lines, each carrying a constituent which has no 
cytotoxic activity. The specific toxic activity is then 
restored in the hybrids of these two lines by 
combination of the two constituents. 
35 A possible example of such a system consists in 

inactivating the expression- product whose control is 
desired by insertion of at least one stop codon at the 
start of the corresponding coding sequence, then adding 
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into the system, in trans, a tRNA, termed "suppressor", 
which will recognize the stop codon(s) and supply the 
amino acid it is carrying, instead of terminating the 
translation. The protein will thus be able to be 
translated in full, and its activity restored. Such a 
system has already been tried out regarding the 
sequence encoding the GUS gene into which the amber 
stop codon was inserted, the suppressor tRNA used being 
a leucine carrier. In addition, the functionality of 
such a system of transactivation using a tRNA Leu 
suppressor has been verified in planta in Arabidopsis 
thaliana and Nicotiana tabacum. This model was then 
applied to the case of barnase. Mutated genes (i.e. 
genes into which a stop codon has been inserted) 
encoding barnase, and which are dependent upon the 
expression of the tRNA 1 *" gene, have been obtained and 
tested in transient expression in tobacco protoplasts 
(Choisne Nathalie, 1997) . 

The present invention thus also concerns a 
method for producing hybrid plants whose flowers have 
no petals, and comprising the steps of: 

a) transformation of plants of a line A with a 
vector in accordance with the invention, and 
comprising a DNA sequence encoding a 
cytotoxic sequence modified by the insertion 
of at least one stop codon, 

b) crossing of the plants of line A thus 
obtained with plants of line B expressing 
the gene of a tRNA suppressor, 

c) selection of the hybrid plants having 
flowers with no petals. 

In the context of the present invention, the 
plants of line A are transformed with a construct 
similar to pIB352, as represented in Figure 7. 

Advantageously, the plants in accordance with 
the invention belong to the Brassicacea family ; 
preferably, the plant is rape. 
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Figure 1 illustrates the analysis by Northern 
hybridization of polyA+ RNA (2 ug) and total RNAs 
(10 ug) from rape. The membrane is hybridized with the 
32 P-labeled whole cDNA 9.2. Revelation is carried out 
5 after 24 hours of exposure at -80°C with a screen. The 
mRNAs identified have an approximate size of 800 bp. 
Plantule 1: plantule of one week; Plantule 2: plantule 
of two weeks. 

Figure 2 illustrates the comparison of the 

10 protein sequences from Arabidopsis thaliana (above) and 
from rape (below) deduced, respectively, from cDNA 
X74360 (SEQ ID No. 1) and 9.2 (SEQ ID No. 2). The 
protein from Arabidopsis thaliana has a length of 
140 aa, while the protein from rape has a length of 

15 147 aa, the homology between the two being 74.6%, The 
stars mark the amino acids which are common to the two 
sequences, and the dots appearing in the cDNA from 
Arabidopsis thaliana have been indicated only to enable 
the sequences which are common to the two plants to be 

20 placed opposite one another, the Arabidopsis thaliana 
sequence having to be read continuously, i.e. 
disregarding said dots. 

Figure 3 represents the alignment of the 
nucleotide sequences of the cDNAs 9.2 from rape (below) 

25 and X74360 from Arabidopsis thaliana (above), the two 
sequences having a total homology of 83%. 

Figure 4 represents the partial restriction 
maps of the genomic clones (A: Aval, B: BamHl, EI: 
EcoRl, EV: EcoRV, H: Hirtdlll, He: Hindi, P: Pstl, S: 

30 Sacl, SI: Sail, Xb: Xbal, Xh: Xhol) . 

Figure 5 represents the 5' -►3' sequence of the 
genomic clone 4.1.1 (SEQ ID No. 5). The palindromic 
sequence has been underlined twice, the coding sequence 
has been underlined once. The following restriction 

35 sites have been marked: BamHI (at position 1): GGATCC; 
Sail (at position 2911) : GTCGAC and Aval (at position 
3229) : CCCGAG. 
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Figure 6 represents the constructions carried 
out with the promoters of the genomic clones 4.1.1 and 
B.l.l. 

distal promoter region of the genomic 
clone 4.1.1 
palindromic sequence 

proximal promoter region of the genomic 
clone 4.1.1 

322 bp promoter region of the genomic 
clone 4.1.1 

322 bp promoter region of the genomic 
clone 8.1.1 

terminator of the nopaline synthase gene 
coding sequence of the gus reporter gene 
coding sequence of the gene 4.1.1 
3' untranslated region of the gene 4.1.1 
Figure 7 illustrates the constructs prepared 
with the 322 bp promoter of the genomic clone 4.1.1. 

322 bp promoter of the genomic clone 
4.1.1 

coding sequence of the gus reporter gene 
coding sequence of the gene for wild- 
type barnase 

coding sequence of the gene for mutated 
barnase 

terminator of the nopaline synthase gene 
terminator 19S of CaMV 
The invention is not limited to sole 
description above, it will be better understood in the 
light of the examples below, which are, however, given 
only as illustrations. 

EXAMPLE 1: Demonstration of a petal -specific 

promoter 

The first step consists in obtaining 
complementary DNA (cDNA) clones which are expressed 
specifically in the petal. For this, the cDNAs were 
synthesized from petal messenger RNA (mRNA) from rape. 
In parallel, cDNAs were synthesized from mRNA from 
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leaves, from floral buds whose petals have been removed 
and from stamens. 

The cDNAs from said organs or tissues were 
subtracted from the cDNAs derived from the mRNAs which 
5 were expressed in the rape petal. The molecules 
resulting from this subtraction were used in an 
experiment of differential hybridization of a petal 
cDNA library, according to a technique similar to that 
presented by Atanassov et al. r 1996. 

10 Several rape DNA clones were isolated at the 

conclusion of this experiment. Their expression profile 
was studied by the technique of Northern molecular 
hybridization. In the absence of clones which are 
strictly specific for the petal {at the detection 

15 threshold of the technique) , the most relevant 
candidate was retained for the rest of the studies; it 
is clone 9.2. This clone is strongly expressed in the 
petal at the young stage (bud of about 3 mm) and very 
weakly in the stamens (Figure 1). 

20 Homology searches of sequences in the databanks 

show a strong similarity between the protein deduced 
from the open reading frame (orf) of clone 9.2 and the 
coding sequence of an Arabidopsis thaliana gene 
(X74360) which encodes a putative wall protein, whose 

25 expression is regulated by the gibberellins (Phillips 
and Huttly, 1994) (Figure 2) . The degree of homology 
shown by the corresponding respective cDNA sequences is 
greater than 80% in the first 500 bases, then 
disappears totally over the remaining 220 (Figure 3) . 

30 The rape cDNA clone 9.2 was used as a probe to 

screen a rape genomic library. Seven genomic clones 
were isolated. On the basis of the restriction maps and 
the sequences, these seven clones divide up into two 
groups, suggesting the existence in rape of a family of 

35 at least two genes, named, in the remainder of the 
text, 4.1.1 and 8.1.1 (Figure 4). The cDNA 9.2 is 
derived from the gene corresponding to the genomic 
clone 4.1.1. 
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A preliminary study by PCR amplification was 
carried out on the clone 9.4.1 which belongs to the 
group of 4.1-1- Specifically, the structure of the 
genomic clone made it possible to amplify an upstream 
5 region of 3233 bp, using techniques of amplification of 
large DNA fragments, and of progressive sequencing by 
PCR. 

This 3233 bp region stretches from nucleotide 1 
to nucleotide 3233 of the sequence represented in 

10 Figure 5, and it ends at the level of the Aval site, at 
the level of which the cleavage was carried out, as 
well as the cloning, to obtain "blunt ends". 

Then, the upstream regions possibly containing 
the regulatory sequences were subcloned from the two 

15 genomic clones (4.1.1 and 8.1.1> into cloning vectors. 
Currently, more than 4 kb of sequence corresponding, in 
the majority, to the orf and to the upstream regions 
(Figure 5) are thus available for the clone 4.1.1. 

EXAMPLE 2: Verification of the specifi city of 

20 the promoter region 

Different constructs comprising the GUS 
reporter gene placed under the control of certain of 
these sequences were prepared in order to study the 
expression of these chimeric genes (i.e. consisting of 

25 the coding sequence of a known gene, preceded by the 
promoter region in accordance with the invention) in 
transformed plants from Arabldopsis thaliana and from 
rape. 

These constructs fall into two categories, as a 
30 function of the orf which is placed under the control 
of the regulatory sequences: 

the GUS reporter gene, to study the 
expression profiles and verify the 
specificity conferred by the promoter, 
35 - the gene for wild-type or inactivated 

barnase, to prevent the formation of the 
petal by expression, in this organ, of this 
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toxic gene (Figures 6 and 7 detail the 
composition of each construct) . 
The expression profiles -of the GUS reporter 
gene, in the Arabidopsis trans formants obtained in the 
5 case of the pIBlOO, show a certain variability over the 
plants as a whole (see Table 1 below, which enumerates 
the parts of the transformed plants in which a blue 
coloration was observed) . However, in nearly half the 
plants having a blue coloration (13/30), the reporter 
10 gene is expressed only in the petals (at the detection 
threshold of the technique) . In certain plants, a weak 
expression in the stamens, which is relatively 
unsurprising on account of the results of the Northern 
hybridizations, but also sometimes an expression in 
15 other floral organs, is found, which might suggest the 
influence of positional effects of the transgene, due 
to its small size- However, the existence of a 
significant proportion of plants having the expected 
profile leads to the thought that the 322 bp proximal 
20 fragment is capable of conferring an expression which 
is specific to the petal. The stability of this 
expression was tested in the descendants on the self- 
fertilization of these plants." "For most,- the %> peta-l-"- 
specif icity was indeed found (data not shown) . 
25 Longer promoter sequences were also used via 

the constructs pIB102 and pIB105, and the transformed 
plants from Arabidopsis thaliana were observed (Table 2 
enumerates the parts of the plants which are 
transformed by pIB102 and have a blue coloration, Table 
30 3 enumerates the parts of the plants which are 
transformed by pIB105 and have a blue coloration) . The 
petal specificity is not again found in the proportion 
previously observed, because in almost all cases the 
reporter gene is effectively expressed in the petal, 
35 but also in other organs of the flower. 

Similarly, transformed rape plants were 
obtained with a construct comprising, as a regulatory 
sequence, the 3233 bp upstream fragment of the gene 
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4.1.1, which was cloned after PCR amplification. In the 
nine rape plants which could already be observed, the 
reporter gene is expressed in the petal, but also in 
other organs of the flower (data not shown) , as is 
5 observed in Arabidopsis with these large promoter 
regions. 

These results suggest that these fragments are 
too long, whereas it is thought that the preceding one 
(322 bp) might be a little short and, therefore, 

10 amplify the possible positional effects. The latter, 
however, gives rise to the most promising results. 

The promoters pIB351 and pIB352 (Figure 7), 
which are analogous to the pIBlOO, but comprise, 
respectively, the coding sequence of the gene for wild- 

15 type barnase, and this same sequence inactivated by 
insertion of a stop codon (then named mutated barnase) , 
instead of the coding sequence of the reporter gene, 
have been introduced into Arabidopsis thaliana (results 
not yet available) . 
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EDITORIAL NOTE FOR APPLICATION 

NO. 92708/98 

THE FOLLOWING SEQUENCE LISTING, 
WITH PAGE NO.'S 1 - 7, IS PART OF THE 
DESCRIPTION 



THE CLAIMS BEGIN DIRECTLY AFTER 
THAT ON PAGE NO. 16 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: INSTITUT NATIONAL DE LA RECHERCHE 
AGRONOMIQUE ( INRM 
. <B) STREET: 147 RUE DE l'UNIVERSITE 
(C) CITY: PARIS 

(E) COUNTRY: FRANCE 

(F) POSTAL CODE: 75007 



(ii) TITLE OF THE INVENTION: PETAL-SPECIFIC PROMOTER AND 
METHOD FOR PRODUCING PLANTS HAVING FLOWERS WITH NO 
PETALS 



(iii) NUMBER OF SEQUENCES: 5 



(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS /MS-DOS 

(D) SOFTWARE: Pa tent In Release #1.0. Version #1.30 
(EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 140 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TO POLOGY: linear 



(ii) MOLECULE TYPE: protein 



(ix) FEATURE : 

(A) NAME/KEY: A. thaliana protein 



(Xi> SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



Met Ala Ser Ser Leu lie Thr Ser 
1 5 

Leu Val Leu Gly Ser Val Glu Gin 
20 

Lys Ser Pro Lys lie Thr Asp Val 
35 «0 



Ala Val Ue Val Val Val Leu Ser 
10 15 

Val Ser Gly Leu Arg His Val Pro 
25 30 

Lys His Pro Asp Phe Leu Val Thr 
45 



lie Glu Pro Lys Pro Thr lie Leu lie Pro Gly Val Gly Arg Phe Leo 
50 55 " 60 
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Leu Pro Pro Lys Cys Lys Lys Pro Phe Tyr Pro Tyr Asn Pro Vti Thr 
Ct 70 75 60 

Glv Ala Pro Leu Thr Gly Gly Gly lie Pro Ser Tyr Asn Gly Gly Gin 
Bb 90 95 

Giy Ala Gly Pro His Thr Gin leu Pro Gly Gly Asp Asp Thr Leu Val 
100 10S 110 

Pro Asn Pro Gly Phe Glu Glu Pro Thr Pro Thr lie Gly Ala Gly Thr 
115 120 125 

Gly Ser Asn Gly Gin Val Pro Pro Val Pro Leu Pro 



(2) INFORMATION FOR SEQ ID NO: 2: 



U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 147 amino acids 
IB) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



<ii) MOLECULE TYPE: protein 



(ix) FEATURE: 

(A) NAME /KEY: rape protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Me: Ala Ser Ser Leu Leu Thr leu.Ala Ala Ma Ala Val Thr Val Met 
15 10 15 

lie Leu Ser Leu Leu Leu Gly Pro Ala Glu Gin Val Ser Gly Leu Arg 
20 25 30 

His lie Pro Lys Ser His Lys Thr Thr Asp Val Lys His Pro Glu Phe 
35 40 45 

Leu Val Thr lie Glu Pro Lys Pro Thr lie Leu lie Pro Gly Vel Gly 
50 55 60 

Aro Phe Leu Leu Pro Pro Lys Cys Lys Lys Pro Phe Tyr Pro Tyr Asn 
€5* 70 ~5 80 

Fro Val ?hr Gly Ala Pro Leu Thr Gly Gly Ser lie Gly Gly Gin lie 
85 90 95 

Fro Ser Phe Gly Gly Gly Gin Gly Gly Gly Ma Arg Thr Gin Leu Pro 



130 



135 



100 



110 
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g*'" -*o Asp T.^r Leu Vai Fro Asn Pro Gly Phe Glu T.hr Pro Tr.r 
ui 120 125 

?ro Ala Thr Gly Ala GJy Alo Gly Asn Asn Gly Gin V*l Pro Pro Val 
12C 135 1*° 

fro Leu Pro 

•45 

(2) INFORMATION FOR SEQ ID NO; 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 641 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(ix) FEATURE: 

(A) NAME/KEY: clone 9.2 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

ACCAG7CAC7 37CA7GA77C TTAGCCTACT CCTTGGACCT GCAGAGCAAG TTAGCGGACT 60 

GCGTCftTATT CCCAAGTCCC ATAAGACCAC 7GATGTCAAA CACCC7GAG7 TTC7TGTCAC 120 

CAT7GAGCCA AAACCAACTA TTCTCA7CCC CGGTG77GGA AGGT7CTTCC TTCCTCCCAA 1B0 

ATC7AASAAA CCA7TCTACC CATACAATCC AGTCACTGGA GCTCCCCTTA CTGGCGGGTC 2<0 

TATCGG7GGT CA>A7CCCA7 CAT77GG7CG TGGACAAGGA G'GCGGAGCTC CCACCCAGCT *300 

CCC7G575GC GA7CA7ACCC 77G7CCCAAA CCCCGCATTT GAAACTCCAA CCCC7GCCAC 360 

TGGAGC7GCC GCTGGAAACA ACGGCCAAG7 TCCTCCGGTG CCACTACCC7 GATTTCTTTT 4 20 

TCAATA7CTG TCAACAAA7A AGCA77TCT7 7AATGCAAAA G7G7CTATT7 CAGTCTTACC 4 80 

TTCTGGTTTA CTAGCCGTCA CCTTAAGAGt CATATGTTTG TCA7CTCTC7 CTTTCTTTTT 540 

GGAAGAGAGA ATC7TGTGTC TTATCCCCTC ACAAGAAAT7 7AAAGCATTT GTTTACATGC 600 
CA7TACVTTC AAC7A7CAAA A7GCT7TA7G A7AAAAAAAA A 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 711 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



641 
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(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE: 

(A) NAME /KEY: X74360 



(ix) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



CGTTTCTCCT 


CTACAACAAA ATAAAATAAA ATTAATGGCT 


TCTTCACTTA 


TCACCTCCGC 


60 


ACTCATTG7C 


GTGGTTTTAA CCCTAGTGCT TGGATCTGTA 


GAGCAAGTGA 


GTGGACTACG 


120 


TCACGTTCCC 


AAGTCCCCTA AGATCACTGA TGTCAAACAC 


CCTGACTTTC 


TTGTAACCAT 


180 


TGAGCCCAAA 


CCAACTATTC TCATTCCCGG 7CTTGCAACC 


TTCTTCCT7C 


CTCCCAAATG 


240 


CAAGAAGCCG 


TTCTACCCTT ACAATCC7CT CACCGGAGCT 


CCACT7ACTG 


GTGGGGGAAT 


300 


CCCATCATAT 


AATGGTGGAC AAGGGGCCGC ACCTCACACC 


CAACTCCCTG 


GTGGCGATCA 


360 


7ACGCTTGTC 


CCAAACCCCG CATTTGAAGA GCCAACCCCG 


ACCATTGGAG 


CTGGCACAGG 


420 


AAGCAACGCC 


CAAGTTCCAC CAGTGCCACT ACCCTGAGTA 


TTATTAATCT 


GTCAACAAAT 


460 


AAGCATATCT 


TAGATGCAAA CATGTCTGTT TTCGTCTCTT 


GAGTCTTGGT 


TAGATAAGTA 


540 


ACCCGC7ACT 


TTACTAGCCG TTTCGTTTGC CATCTCTTTT 


TCTCTCTCTG 


TCTCTCTCTA 


600 


TTTGCTACAA 


AAACACAGAA TCTTG7TTCA TGTTTTTCAC 


TTTGTCTTTA 


GATGAATTCA 


660 


77TTCACATA 


CCATTATATT AAAATAAAGG AAATGTTCCG 


CAGTAAAAAA 


A 


711 



(2) INFORMATION FOR SEQ ID NO: 5: 

( i i S EQUENC E— CHARASTER-I S TI C S : 

(A) LENGTH: 4516 base pairs 
(B> TYPE: nucleotide 
(C> STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/ KEY : genomic clone 4.1.1 

(ix) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GGATCCGTTG TTAGGATTTT ACCGCTTTGT GAGTTCAGAA AATCTCTAAA GCTTCATTTT 60 
TATCAATCAA GCTTTTTTTT TTTAAATTAA ACATTCTAAA GTCTCTAAAG TCATTATAAG 120 
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T7TA777C7C 


C7C7T7TG7G 7TGG77777C 7AAAACCAAT AATGCCTGA7 


77T7GCAA77 


iec 


7TT77777TC 


AC7AAAAA7G 777TAT777C 7777TAC7T7 G7AAC7AAAT 


CAC7TA77TA 


240 


AGT77A7AAC 


AA777CGTTG AAA7T7AAAA TTGACAAA77 AATCATTCAA 


77T7777C77 


300 


GTTC^rTTAA 


6A7CCG7A77 G7ACTACTT7 TA7AATCA7C TA7A7T7AAA 


77777AATAG 


360 


7ATCA7AATT 


77A77TTT7A ATAAAA7A77 7AAA7A77A7 CCAAACC7A7 


AATTTTAA7A 


4 70 


CCAATCTCTT 


T7AA7AAAAC G7AAACGAAT CACCCAAA7T CC7A7GGCCA 


7AATTCTGAA 


4 80 


7CCAAGCT7A 


AACAAAAGTA CTIATCAATC GGACCC7AAG ACTCC7CG7A 


AT7AGGG77C 


540 


TTTAACATrr 


T7ACCATT7G AGCAGT7GAA 7CAATGATCG TIT7CA7CCG 


AG7AAACTTA 


600 


77TG7AATA7 


77AG7CCCGC CAGC7GCC7C C7CCCTGAAC ACCG7AGA7C 


7CCCCCC7GT 


660 


7TCTATCTCT 


7AC7G7GGA7 G7AAGATCTA 77A77T7C77 GGGT7T7G7G 


77TG7GAATG 


720 


CGTCT7ATAT 


AG7GAGCAT7 AGC77AGAGT T7CCCA7T7T AT7GAA7A7T 


77CA7TCTTA 


7fl0 


7TCATC7GCG 


7A7CACAAAG GCA7GGCCGA C7ACCACTAT G77ATTCC7A 


77CC7CCAGA 


840 


TA77GCACAG 


CAGAAGAAGA GGAAA7GGAT GGAGCTGAAG 7CGC77GCAG 


G7GA77C7T7 


900 


7CCG77CA77 


77GGTA7777 CA7TA7A7TG CAAATC7TAA TA777TG7AC 


CGAAAAGAA7 


960 


A7777C7AGC 


A7AG777AAA A7777AAA7A CGIATTC77G C777AACC7G 


7C7777CA7G 


1020 


TAAAG7AAAA 


CA7A7GTACC AAAAGAACAA GACAATC7TC AAGTC7ATAC 


GGAACCCATA 


1080 


CGGGACCC77 


G7CC77G7CC AG77GACA7T G77CAGGCCA AGAAC7ACAC 


CAACAA7TT7 


1140 




A77GAAA77A GAAAAGAAA7 CCGC7AA7GC AAA7AAAAAC 


AAG7GACTCC 


1200 


CA7A7AC77G 


CCAAC7AA77 G77GATCTTA A77AAAAAGA 77AAC7G77A 


AA7TTATGA7 


1260 


AAAAAAGTG7 


7TAGGGA77G GA7C7GG7GA 7AAAAAACA7 7A7G7AGA7C 


77777GCAGA 


1320 


•AAAAGTGCTA 


AA7AACATTT G777A7T77C- 7-SA7TA7GTC 7 AGAATACAA- AGAAG AAATG 


1380 


AAC7AAGAC7 


77A7AG7A7A AA77A7TG7G GTTGAT7AAT 777AGA7C7T 


77CCTCAAGA 


1440 


A7GAT7GCTG 


AA7AA7AAAA 7G77CA7T7C C77AATGAG7 A7C7C7AC7C 


7T7AG7TAT7 


1500 


7CTGACCCGA 


AACCAACAAA CAC7AA7CA7 7CA7TAAAC7 AACCAA7CAA C77AACT7G7 


1560 


AAAACCAG77 


GCC77AGAAC A7GA77A77G AGAGG77C77 AGGCTGGAG7 TC77AGCGGA 


1620 


A7A7AAGAAC 


C7G7G7C7TA AT7777AAT7 AAAAAAGC7A AGAAC7GGC7 


C7TAAA7AAG 


1680 


AG777AAGAG 


CCGG77CT7A G77T77T7AG 77AAAAG77A AGAG7CAGG7 


7T77A7A7TC 


1140 
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CG77AAGAAC TTCACCTT^ CCACCTTCTA ATAATCA7GC TCT7ACG77A 7CTGACCAAA 1800 

AATACGAACA GAAAAAATAA AAACTCACTT ACCTCATCAT ATGAGATATC ACAAATGCAC 18 GO 

T^CTATTTAA GAAAAAACAT TAAAAAAAAC ATTAA7GGTG TGGGAGGGTC A7TAATGGAG 1920 

C7CACACAAA AGAAAGGCC^ GAGAAGGCAA A7TGAAGGTG ACTGTATACA AAAGTAGGTC 1980 

77TCACrT77 GCUCAGAGGA AGCTCA7GAC A7TCACCAAA GCAGCACGAA 7GAAG7TCr.7 20<0 

CAAG77TT7A AT7AGGC77C GC77CT7GTG ATTCCTCGAA AATTTA7ATC ATTTCATACG 2100 

77CG77C77C TTTTCATCTC AC7TTCCTCT 7CTCC7ACCG 7GAGTC7CAT CAATTTCGT* 2160 

GATCCCTANG TTAACGATCC ACCTATCATA NATACACTTC 77TCTATAGC CGTACGTATA 2220 

CCACACA77A CH7CA7CCCA C77CK7AACT 7ATATAATT7 TACTACrcAG ATCACNAGAG 2280 

7ACG7A7A7C ACGAAG7CAT T7CTTC7CCT 7G7CCTATTC C7CTC7T7CT TTG7CCGGC7 2340 

0T7A7C7TCC CTACTAGGAA 77rTCCGACG CACCCT7A7C CAAGTA7GTA 7GC7A77C7C 2400 

7C7CACTC7C C7TAATT7TA CftCACCTCTT TCACTATCTT CAATGTCTTT TAACTTCT77 2460 

CAAT7A7G77 CGTC7GGG7G GGCAGGTCAT AA7CATCA7C ATGTCGGAA7 GATGGG7AGG 2520 

ACAATCAAGC CTCAGAGGAG CCCGGACACG GTGCAGGTGG CAGGGTC7AG GCTGCCGGAC 2580 

7GC7CACACC CGTG7GGC7C A7GCTCTCCA TGCCCTCT7C TCATGCTTAG CTTCGTCTC7 2640 

GCATCGCTAC ACGAGGCTGA GAC7TGTCCC A7GGC7TA7A AG7GCA7G7G CAAGAACAAA 2100 

7CC7ACCCAG TCCCA7GA7C AAT7AGCCTC TC7CACAC77 AAC7C7A7CC A7TCAGACG7 2760 

TT7G777C7T 7CC7TT7GC7 7CT7CGGATA AATTACCC7G TCTATGTATA AAATCCA7C7 2B20 

777CC77T77 T7AA77C777 7G7CTTT77G ATA7C7TAAA CACAGTT7TA CGAAACAAGA 2880 

A7AAGA7TAG TTGAGCCAC7 CAAAAGCGTC CTCGACTAAA TTGAAACAGA AAGCCACACA 2940 

ACTCATTGGG -CTCTrGT77A 7CGCCCATGA CACCGCATTT-CAGACTGCAA .CAACCAAAGT 3000 

7GTAGAAAGA A7AA7A77TA AAGGGCACCT ACATACGTTC TTGCCT7CCA CCAAACTTTG 3060 
GAGGCTC7C7 AA7AA7TAGC ACACTCCAT7 CTA7GCAT7T CT7ACACACC 7TCTATT7TC 3120 
AACCATTTCA TCTCACCTTT T7TAAATGT7 TCCACAGT7A CC7CAGTAAA 7TCAC7ATA7 3180 
.-.CAGACA7AC ACCT7CCCTC CACAAGATCA AACAACCACA CTACCTTCCC CCAGTTTTCT 3240 
CAC7ACAATT 7AAAAGAAAA AACAAATGGC 77CGTCCCTC C7AACAC7CG CAGCAGCAGC 3300 
;.GTCAC7GTC A7GAT7CTTA GCC7 ACTGCT 7GGACCTGCA GAGCAAG7TA GCGGACTGCG 3360 
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TCoTATTCCC AACTCCCATA AGACCACTCA 7CTCAAACAC CCTGAGTTTC TTGTCACCr.T 34 2C 

TGA<i::AAAA CCAACTATTC TCATCCCCCC 7GTTCGAAGG TTCTtCCTTC CTCCCAAA7G 3480 

7AAGAAACCA TTCTACCCAT ACAATCCAG7 CACTCCAGCT CCCCTTACTC GCCCCTCTA7 3S4 0 

CGGT:"CAA A7CCCA7CAT TTCCTCGTCG ACAAGGAGGC GCAGCTCGCA CCCAGCTCCC 3600 

?GG7G3:5AT GA7;XCCTTG TCCCAAACCC CGGATTTGAA ACTCCAACCC C7CCCACTCG 3660 

AGC70GCCCT GCAAACAACG GCCAACTTCC TCCGCTCCCA CTACCCTGAT TTCTTTTTCA 3720 

ATATC7GTCA ACAAATAAGC ATTTCTTTAA TGCAAAAGTC TCTATTTGA3 7C7TACCT7C 3780 

7GG777AC7A GCCGTCACC7 TAAGAGTCAT ATCTT7CTCA TCTCTCTCTT 7CTTTTTGGA 38 4 0 

AGAGA3AA7C 7TG7GTC77A TGCCG7CAGA ACAAA7C7AA AGCA77TC7T TACATGCCA7 3500 

-CkTTZK\Z TA7CAAAA7C CTTTATCATA CATCTACTCT AZTCCTCCA7 TTCCCATAC7 3960 

AA37*2AC7A GATGAAGACA AG7AC7CAAT CAAAGCTGAA TACAC7AATC ACCCATTCAA 4020 

ATTA77TCCT ACAA7TTCAA TCAACCAAAC TAACAAAAAA GAACAATTAC AACCTAATCA 4080 

7ACCC7GATC CAAAACTACA AAACGACCTC GAATAAGCTA ACACCATCGA GCACACTCC7 4140 

ATATATCAGA CAAAGATAGT A7AG7AAGA6 AAAAACACGA AACACACAAA 7GACAAA7CA 4200 

TA3TA77ACA T77TCTCATC A77AT7CAGA GTAAACAAAG CAA7AAAG7G AAAGAAT7CA 4 260 

CA7AC7GTAA TC77GGAATT GAG7ATCTAC G6CGACGAAC AAAC7CGA7C ACCCTCAATC 4320 
ATGG^.TTTTA TC7UCTAC7C TCCTCCT7TG TACGACGACC 7AACCA7CGG CCCTGATGC7 4380 
ACCTACCTGA A7CCCT0TTT AACCAACAAA CCCATTTAGC CC7C7CCT7G 7T7CCCAIC/. 44 40 
AATT7CCHGA ACTAAAAACA GANNACANAN NAGCCTTACC ATTTCCATGC CKAGAWGANC 4S00 
GTA7C7CTCC AAAGCC 4 516 
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CLAIMS 

1. Nucleotide sequence corresponding to all or 
part: 

a) of the sequence according to SEQ ID No. 5, 
5 or 

b) of a sequence which hybridizes to the 
sequence according to a) . 

2. Nucleotide sequence according to Claim 1, 
corresponding to all or part: 

10 a) of the sequence which stretches from 

nucleotide 1 to nucleotide 3233 and 
preferably from nucleotide 2 911 to 
nucleotide 3233 of SEQ ID No. 5, or 

b) of a sequence which hybridizes to the 
15 sequence according to a), or 

c) of a sequence which has at least 80% 
homology with a) or b) . 

3. Cell-expression vector comprising a sequence 
according to Claim 2, placed upstream of a DNA sequence 

20 encoding a product which is capable of modifying the 
structure, the shape, the coloration and/or the petal 
texture of flowers. 

4 . Cell-expression vector comprising a sequence 
according to Claim 2, placed upstream of a DNA sequence 

2 5 encoding a cytotoxic product. 

5. Vector according to Claim 4, characterized in 
that the cytotoxic product is a ribonuclease and 
preferably barnase. 

6. Plant cells transformed with a vector according 
30 to one of Claims 3 to 5 . 

7. Plants comprising cells according to Claim 6. 

8. Method for producing ornamental plants, 
comprising the insertion into said plants of a vector 
according to Claim 3. 

35 9. Method for producing plants whose flowers have 

no petals, comprising the insertion into said plants of 
a vector according to Claim 4 or 5. 

AMENDED SHEET 



- 17 - 

10. Method for producing hybrid plants whose 
flowers have no petals, comprising the steps of; 

a) transformation of plants of a line A with a 
vector according to Claim 4 or 5, modified 
by insertion of at least one stop codon into 
the coding sequence of the DNA, 

b) crossing of the plants of line A obtained in 
a) with plants of line B expressing the gene 
of a tRNA suppressor, 

c) selection of the hybrid plants having 
flowers with no petals. 

11. Plants whose flowers have no petals, and which 
are capable of being produced by implementing the 
method according to Claim 9 or 10. 

12. Plants according to Claim 7 or obtained by the 
use of the method according to Claim 9 or 10, 
characterized in that they belong to the Brassicacea 
family, preferably in that they are rape. 
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FIGURE 3 
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51 100 
TCACCTCCGC AGTCATTCTC GTCCTTTTAh CCCTAGTGC7 TGGATCTGTA 
, AGC AGTCACTGTC ATGATTCTTA GCCTACTGCT TGGACCTCCA 

"I 150 
GAGCAAGTGA GTGGACTACG TCACGTTCCC AAGTCCCCTA AGATCACTGA 
GAGCAACTTA CCGGACTGCG TCATATTCCC AACTCCCATA AGACCACTGA 

151 200 
TGTCAAACAC CCTGACTTTC TTGTAACCAT TGAGCCCAAA CCAACTATTC 
TGTCAAACAC CCTCAGTTTC TTGTCACCAT TGAGCCAAAA CCAACTATTC 

201 250 
TCATTCCCGG TCTTGCAAGG TTCTTGCTTC CTCCCAAATG CAAGAACCCC 
TCATCCCCGG TGTTGGAAGC TTCTTGCTTC CTCCCAAATG TAAGAAACCA 

251 300 

TTCTACCCTT ACAATCCTCT CACCGGACCT CCACTTACT 

TTCTACCCAT ACAATCCACT CACTGGAGCT CCCCTTACTC GCGGGTCTA7 

301 350 
.GGTGGGCGA ATCCCATCAT ATAATGGTGG ACAAGGGGCC GGACCTCACA 
CGGTGGTCAA ATCCCATCAT TTGGTGGTGG ACAAGGAGCC GGACCTCCCA 

351 400 
CCCAACTCCC TGGTGCCGAT GATACGCTTG TCCCAAACCC CGGATTTGAA 
CCCAGCTCCC TGGTGCCGAT GATACCCTTC TCCCAAACCC CGGATTTGAA 

401 450 
GAGCCAACCC CGACCATTCG ACCTGGCACA GGAACCAACC CCCAAGTTCC 
ACTCCAACCC CTGCCACTCG AGCTGGCGCT GGAAACAACC CCCAAGTTCC 

451 _ - - -500" 

ACC ACTG C C A CTACCCTGAG TATTATT . . . . AATCTGTCA ACAAATAAGC 
TCCCCTGCCA CTACCCTGAT TTCTTTTTCA ATATCTGTCA ACAAATAAGC 

501 5S0 
ATATCTTAGA TGCAAACATG TCTGTTTTGG TCTCTTGAGT CTTGGTTAGA 
ATTTCTTTAA TGCAAAAGTG TCTATTT . . G AGTCTTACCT TCTGCTTTAC 

SSI 600 
TAAGTAACCC CCTACTTTAC TAGCCGTTTC GTTTGCCATC TCTTTTTCTC 
TAGCCCTCAC CTTAAGAGTC ATATCTTTGT CATCTCTCTC TTTCTTTTTG 

601 650 
TCTGTGTCTC T CTCT ATTTG CTACAAAAAG AGAGAATCTT GTTTCATGTT 
GAAGAGAGAA TCTTCTGTCT TATGCCCTCA GAAGAAATTT AAAGCATTTC 

651 700 
TTTCAGTTTG TCTTTAGATC AATTCATTTT CACATACCAT TATATTAAAA 
TTT . . ACATG CCATTACATT CAACTATCAA AATGCTTTAT CATAAAAAAA 

701 727 
TAAAGGAAAT GTTCCGCACT AAAAAAA 
AA 



Nucleotide alignment of the cDNAs X74 360 and 9.2 
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FIGURE 5 

1 iGG.-.TCCfc TTC 77AGCAT777 AGGGC7TTCT GAC77CAGAA AA7C7CTAAA 
51 G CTTC ATTTT 7ATCAA7CAA CCTTTTTTTT 777AAA77AA ACA77CTAAA 
10: GTCTCTAAAG 7CA77A7AAG 777A777C7C C7C77TTC7G 77GG77T77C 
151 TAAAACCAAT AA7GCC7GA7 7777GCAAT7 T77T777T7C AC7AAAAATC 
201 77T7A777TC 777TTACTTT G7AACTAAA7 CACT7AT7TA AG777ATAAC 
251 AA777CG77G AAA7TTAAAA 77GACAAA77 AA7CA7TGAA T77777TC77 
301 C77CA777AA GA7CCG7A77 G7AC7ACT77 TATAATCATC 7A7A77TAAA 
351 TTTT7AA7AG 7A7CA7AA77 77A77TT77A A7AAAATAT7 TAAATATTAT 
401 CCAAACC7A7 AA777TAATA CCAA7C7GT7 77AA7AAAAC G7 AAACG AA7 
<51 CACCCAAA7T CC7A7GGCCA 7AA77C7GAA 7CCAACCTTA AACAAAAGTA 
501 CTTA7CAVrC CGACCC7AAG AG7CCTCG7A A77AGCCTTC T77AAGATTT 
551 77ACCA777G AGCAG77GAA 7CAA7GA7CG TTTTCATCCG AG7AAAC77A 
601 T7TCTAATAT 77AG7GGGGG CACCTGCC7C C7CCC7GAAC ACCG7ACATC 
651 7CCCCCCTG7 77CTA7C7C7 7AC7G7GGA7 CTAAGA7C7A TTATTTTCTT 
701 CGC7777C7G 777G7GAA7G CGTC77A7A7 AG7GAGCAT7 AGC77ACACT 
751 77CCCA7777 A77GAA7A77 77CA77C77A 77CA7G7GGG 7A7C AC AAAG 
801 CCA7GGCCGA C7ACCAC7AT C7TAT7CC7A 77CC7CCAGA 7A77GCACAG 
851 "CAGAA'GXSGA GGAXA7GGAr GGAGG7GXAC -TCGC77GCAG-G7GA77C7T7-- 
901 7CCGT7CA77 77GGTA777T CA77A7A77G CAAA7C7TAA 7A777TG7AG 
951 CGAAAAGAAT A7777G7AGC A7AG777AAA A7T77AAVTA CG7A7TCT7G 
1001 C777AAGC7G 7CTTT7CA7C 7AAAG7AAAA CATA7G7ACC AAAAG AAC AA 
1051 GACAA7G77C AAGTC7A7AC GGAACCCA7A CGGCACCC77 G7CC7TC7CC 
1101 AC77GACA77 G77CAGGCCA AGAAC7ACAC CAACAATT77 AAA7CAACCT 
1151 A7TGAAA77A GAAAACAAA7 CCGC7AA7GC AAA7AAAAAG AAG7GAC7CG 
1201 CA7A7AG77G CCAAC7AA77 C77GATG7TA A7TAAAAAGA 77AAC7GT7A 
1251 AA777A7GA7 AAAAAAG7C7 77AGGGA77G GATC7GCTGA 7AAAAAAGAT 
1301 7A7G7AGA7G 77777GCAGA AAV>G7GC7A AATAACA777 G777A7nTC 
1351 7CA77A7G7G 7AGAA7ACAA AGAAGAAA7C AAC7AAGAC7 77A7AG7A7A 
1401 AATTA77G7G G77GA77AA7 TTTACATCTT 7TCC7GAAGA A7GA77GC7G 
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FIGURE 5 (continued) 



145: 


AA7AA7AAAA 


7G77CA777C C7TAA7GAC7 


A7GTC7AC7T 


777AC77A77 


1501 


7C7GACCCCA 


AACCAACAAA CAC7AATGA7 


7GA77A.i.A77 


A.ACCAATCAA 


1551 


CT7AAC77G7 


AAAACGAGTT CGCT7AGAAC 


A7GATTA77G 


AG AGG7TCTT 


1601 
1651 


AG GC- TOG AG 7 
A A AAAAGCTA 


TCTTAGCGGA AT AT Any A A.C CTGTG7C77A 
AGAACTGGCT CTT A AAT AAG AGTTTAACAG 


A7T77TAAT7 
CCGGTTCTTA 


1701 


GTTTTTTTAG 


TT A A AAGTT A AGAGTCAGGT 


TTTTATAT7C CGTTAACAAC 


1751 


TTCACCT7AA 


GGACCTTCTA ATAATCATGC TCTTACCT7A 


7CTGACCAAA 


1801 


AATACGAACA 


CAAAAAATAA AAACTCACTT ACCTCATCA7 


A7GAGATATC 


1851 


ACAAATGCAC 


TACTATTTAA GAAAAAACAT 


T.AAAAAAAAC 


ATTAATGGTC 


1901 


TGCGACCG7C 


ATTAATCGAG CTCACACAAA 


AGAAAGGCCA 


GAGAAGGCAA 


1951 


ATTGAAGCTG 


ACTGTA7ACA AAAGTACCTC 


TTTCAGT777 GCWCAGAGGA 


2001 


AGC7CATGAC 


ATTCACCAAA CCACCACGAA 


TCAACTTCA7 


CAAGTTTTTA 


2051 


ATTAGGCTTC 


GCTTCTTGTG ATTCCTCGAA 


AATTTATA7C 


ATTTCATACC 


2101 


T7CC7TCT7G 


TTTTCATGTC ACTTTCCTCT 


TCTCCTACCG 


TGAGTCTCAT 


2151 


CAA77TCGTA 


GATCGCTANG TTAACGATCC 


ACGTATCA7A 


NATACACTTC 


2201 


7T7C7A7AGC 


CGTACGTATA CCACACATTA 


CNTCATCCCA C77CNTAACT 


2251 


TATA7AATTT 


TACTACTCAG ATCACNAGAG 


TACGTATATC 


AGGAACTCAT 


2301 


TT.CX7.CXC.CT_ .T.GT.CCT-ATTC CTCTCTTTCT- 7TGTCCOOGT- CTTATGTTCC- 


2351 


CTAG7ACGAA 


TTTTCCGACG CACCCTTATC 


CAACTATC7A 


TGCTAT7CTC 


2401 


TCTCACTCTC 


CTTAATTTTA CACACCTCTT 


TCACTATCT7 


CAATGTCTTT 


2451 


TAAC7TGTI 1 


CAATTATCTT CGTCTGGGTG 


CGCAGGTCAT 


AATCATCATC 


2501 


ATG7CGGAAT 


GATCGCTAGG ACAATGAAGC 


GTCAGAGGAG 


GCCGGACACG 


2551 


GTGCAGGTGG 
ATGC7C7CCA 


CAGGGTCTAC GCTGCCGGAC 


TGCTCACACC 
CTTCG7CTG7 


CGTGTGGCTC 
CCATCGCTAG 


2601 


TGCCGTCTTG TGATGGTTAG 


2651 


AGGAGGCTGA 


GACTTGTCCC A7GGCTTATA 


AGTGCA7GTG 


CAACAACAAA 


2701 


TCCTACCCAG 


TCCCATGATG AATTACCCTC 


TCTCACACTT 


AACTCTATGC 


2751 


AT7CAGACG7 


77TGTTTC77 7CC777TCCT 


TCTTCGCA7A 


AA7TACCCTG 


2B01 


TCVA7CTATA 


AAATGCATCT TTTCCTTT7T 


77AAT7C777 


7GTCTTTTTG 


2851 


ATA7C7TAAA 


CACAG77TTA CGAAACAAGA 


A7A.AGA77AG 


77GAGCCACT 
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FIGURE 5 (continued) 

2901 CAAAACCCTG iGTCGACt TAAA TTGAAACAGA AACCCACACA ACTCATTCGC 

2951 CTCTTCTTTA TCGCCCATGA CACCGCATTT CACACTCCAA CAACCAAACT 

3001 TGTAGAAAGA A7AATATTTA AAGGCCACGT ACATACGTTC TTCGCTTCCA 

3051 CCAA-^CTTTG GACGCTCTCT AVTAATTAGC ACACTCCATT CTATOCATTT 

3101 GTTACACACC TTCTATTTTC A^CCATTTCA TCTCACCTTT TTTAAATGTT 

3151 TCCACAGTTA GCTCACTAAA TTCACTATAT ACAGACATAC ACCTTCCCTC 

3201 CACAAGATCA A^CAACCACA CTACCTT CTC" COAlfl TTTCT CACTACAATT 

3251 TAAAAGAAAA Air nnrar Trrnrrrrra CTWICTCG CnGCACCAGC 

3301 ictckctcxc & tc, vttctt a crrrxcrccr TGGACCTGC^ r^nfftftGTIA, 

3351 nrnr.icrncc Trxr^rrrrr ticrrrriT* ac^rwrn* TfiTCmCAC 

3401 frro^CTTTr TTnrcArrvr tcacccwzx cc.^ rrvrrr TCWCCCCGG 

3451 TfrrrfifiAfc.cr. Trrrrcrrv r rrrrrt^jr, T*\G\*\rc\ TTCTACCCAT 

3501 *c**Tcr\c,T orrcr^nrr rrrrmcTG GCGOGTCTVr fffiiTCgTCM 

3551 ATrrrATra.T -rmaxr^rr^ &£»aSfiaSGC SGAfiCICSCa (TC^GCTCCC 

3601 TRffrf»rca.T r.mrrrTTf; JCCCl^CCC CGGVnTOE.A ftrTrCMCXC 

3651 ciggcAClgg aggisscisa: gs*A2c&*cs Gm*mrrr TrrnrTTGCC* , 

3701 CTACCCTGA T TTCTTTTTCA ATATCTGTCA ACAAATAAGC ATTTCTTTAA 

3751 TGCAAAAGTG TCTATTTGAG TCTTACCTTC TCGTTTACTA GCCGTCACCT 

3801 TAACACTCAT AWTTGTCX^CTCf CTT TCfnffCGA* AGAGAGAATC 

3851 TTCTGTCTTA TCCCCTCAGA AGAAATCTAA AGCATTTGTT TACATGCCAT 

3901 TACATTCAAC TATCAAAATG CTTTATGATA CATGTACTCT ACTCCTCCAT 

3951 TTCCCATACT AAGTAGACTA CATGAACACA AGTACTCAAT CAAACCTGAA 

4001 TACACTAATC ACCCATTCAA ATTATTTCCT AGAVTTTGAA TGAACCAAAC 

4051 TAACAAAAAA CAACAATTAC AACCTAVTCA TACGCTGATG CAAAACTACA 

4101 AAACGAGGTC GAATA^GGTA ACACGATGGA GCAGACTCCT ATATATCAGA 
4151 CAAACATAGT ATAGTAAGAG AAAAAGACGA A*CACACAAA TGACAAATCA 
4201 TAGTATTACA TTTTCTCATC ATTATTCAGA GTAAACAAAG CAATAAAGTC 
4 251 AAACAATTCA CATAGTCTAA TCTTGCAATT GAGTATCTAC GCGGAGGAAG 
4 301 AAACTCGATC AGCCTCAATC ATGGACTTTA TGTNGTACTC TCCTGCTTTC 
4 351 TACCACGACC TAACCATCCG CCCTCATCCT ACGTACCTGA ATCCCTGTTT 
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401 AACCAACAAA CCCATTTACC CCTCTCCTTG TTTCCCATCA AATTTCCNGA 
451 ACTAAAAACA G ANN AG AN AN NAGGCTTACC ATTTCCATCC CNAGANGANC 
501 GTATCTCTCC AAAGCC 



FIGURE 5 (continued) 
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FIGURE 6 (continued) 
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FIGURE 7 
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